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H level. The S&H select circuit (58) supplies an inverted 
one of the NRZI signal to the enable terminal of the 
sample and hold circuit (53). The sample and hold cir- 
cuit (53) samples an output of the bias power 1 part and 
supplies it as LD control signal LDC 2 to the APC circuit 

(55) . Thus, the bias power 1 being a light power of the 
multi-pulse is sampled by the sample and hold circuit 
(53) and controlled by the APC circuit (55). 




in 

CO 
CO 



LU 



Printed by Xerox (UK) Business Services 
2.16.7/3.6 



EP 0 933 759 A2 

Description 

[0001 ] The present invention relates to data recording, and also to an optical disc drive. An illustrative embodiment of 
the present invention relates to a phase-change drive of a high transfer rate, and more particularly, to a phase-change 
5 optical disc drive with a semiconductor laser power control and a method of writing/reading a phase-change optical disc 
at a high transfer rate by controlling the laser power of the semiconductor laser. 

[0002] Typical phase-change optical discs in which information can be rewritten include a so-called DVD- RAM. DVD- 
RAM adopts an EFM {Eight-to-Fourteen Modulation) method for signal modulation to drive a semiconductor laser to 
emit multi-pulses for generation of recording waveforms for marks of 3T to 11T. 

10 [0003] FIG. 1 is a timing chart of recording waveforms in DVD-RAM. As shown, a mark 3T is written with a single light 
pulse while a mark 11 T is recorded with nine light pulses. Each light pulse is immediately followed by a bias power 2 
set to a lower value than a bias power 1 corresponding to an erasure power to control the crystallization speed of the 
phase-changed recording medium. Further, both leading and trailing pulses have a period of about 1T, and they are 
generated with predetermined time delays (TSFP and TSLP in FIG. 1), respectively, from the clock pulse. 

is [0004] DVD-RAM uses a clock frequency of 29 MHz (user transfer rate of 11 Mbps). Both the leading and trailing 
pulses have a width of about 35 ns. The recording power of these light pulses is detected by a laser power monitoring 
detector, and then sampled and given a predetermined value, thus the recording pulse is controlled to always have a 
constant power. For example, the peak power is controlled by sampling the light power of the leading or trailing pulse, 
and the bias power 1 is controlled by sampling the light output of the multi-pulse. Note that the bias power 2 is controlled 

20 by sampling a reproducing output detected by an RF signal detector. 

[0005] For a phase-change optical disc drive of a higher transfer rate than the normal one of DVD-RAM, however, it 
is necessary to increase the clock frequency. For a clock frequency of 1 00 MHz (use transfer rate of 38 Mbps), for exam- 
ple, the leading and trailing pulses will have a width of less than 1 0 ns, so it will be difficult to accurately sample the light 
output for controlling the recording power. Furthermore, when the light pulse is less than 1 0 ns in width, it will easily be 

25 affected by noise component and also a sufficient band of the optical system cannot be assured, so that the recording 
power cannot be controlled. 

[0006] An embodiment of the present invention seeks to overcome the above-mentioned drawbacks of the prior art 
by providing a phase-change optical disc writing/reading apparatus and method in which a laser power of a semicon- 
ductor laser can be accurately controlled even at the time of writing or reading a phase-change optical disc at a high 
30 transfer rate. 

[0007] One aspect of the present Invention provides a phase-change optical disc drive in which a data of nT in pulse 
width is recorded with a multi-pulse generated from a semiconductor laser, including a number (n-1) of pulses and 
which shifts at a minimum of three levels, comprising: 

35 means for detecting a laser power of the semiconductor laser; and 

means for generating, when in a power control mode, an output control pulse larger in pulse width than the multi- 
pulse to drive the semiconductor laser to generate a light pulse based on the output control pulse, sampling and 
holding, based on the output control pulse, the laser power detected by the detecting means, and controlling the 
40 laser power of the semiconductor laser so that the sampled and held laser power has a predetermined value. 

[0008] When in the power control mode, the phase-change optical disc drive generates, when in the power control 
mode, an output control pulse larger in pulse width than the multi-pulse, drives the semiconductor laser based on the 
output control pulse to generate a light pulse, samples and holds, based on the output control pulse, the laser power 
45 detected by the detecting means, and controls the laser power of the semiconductor laser so that the sampled and held 
laser power has a predetermined value. 

[0009] Another aspect of the present invention provides a method of recording a data of nT in pulse width with a multi- 
pulse generated from a semiconductor laser, including a number (n-1) of pulses and which shifts at a minimum of three 
levels, 

so comprising, the steps of: 

generating, when in a power control mode, an output control pulse larger in pulse width than the multi-pulse; 
driving the semiconductor laser to generate a light pulse based on the output control pulse; 

55 

detecting a laser power of the semiconductor laser; 
sampling and holding the detected laser power; and 
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controlling the laser power of the semiconductor laser so that the sampled and held laser power has a predeter- 
mined value. 

[0010] When in the power control mode, an output control pulse larger in pulse width than the multi-pulse is gener- 
5 ated. and the semiconductor laser is driven based on the output control pulse to emit a light pulse, the laser power 
detected by the detecting means is sampled and held based on the output control pulse, and the laser power of the 
semiconductor laser is controlled so that the sampled and held laser power has a predetermined value. 
[0011] For a better understanding of the present invention reference will now be made, by way of example, to the 
accompanying drawings in which: 

10 

FIQ. 1 is a timing chart of recording waveforms in DVD-RAM; 

FIG. 2 is a schematic block diagram of a phase-change optical disc drive according to an embodiment of the 
present invention; 

is 

FIQ. 3 illustrates the construction of an aspheric two-group objective lens unit used in the phase-change optical 
disc drive in FIG. 2; 

FIG. 4 schematically illustrates the construction of an optical disc compatible with the phase-change optical disc 
20 drive in FIG. 2; 

FIG. 5 is a schematic block diagram of a recording pulse generation circuit used in the phase-change optical disc 
drive in FIG. 2; 

26 FIG. 6 is a timing chart showing the relationship between a master clock, NRZI (No Return to Zero Inverse) signal, 
recording signals Data 1, Data 2 and Data 3, output control signal Data 3', NRZI pulse and a multi-pulse; 

FIG. 7 is a schematic block diagram of a recording output control circuit used in the phase-change optical disc drive 
in FIG. 2; and 

30 

FIG. 8 is a schematic block diagram of a semiconductor laser drive circuit used in the phase-change optical disc 
drive in FIG. 2. 

[0012] Referring now to FIG. 2, there is illustrated the rewritable phase-change optical disc drive according to an 
36 embodiment of the present invention. The optical disc drive uses a large numerical-aperture (NA) two-group objective 
lenses 21 and 23 as shown. 

[0013] The phase-change optical disc drive includes an optical head 10, recording pulse generation circuit 30 to gen- 
erate a recording pulse, recording output control circuit 50 to control the recording pulse output and a semiconductor 
laser drive circuit 70 to drive a semiconductor laser 3 which will be discussed later. 
40 [0014] In the phase-change optical disc drive, the optical disc 1 is spun at a constant angular velocity, for example, by 
a spindle motor 2 while the information recording surface of the optical disc 1 is being scanned with a laser light by the 
optical head 1 0, to optically record/reproduce information through the (1 , 7) modulation. 

[0015] The semiconductor laser (LD) 3 is included in the optical head 10 to generate a reading/writing laser light for 
irradiation onto the optical disc 1. The laser light from the semiconductor laser 3 is formed to be a parallel beam by a 

45 collimator lens 4, passes through a side spot generating diffraction grating 5, and through a beam splitter 6 and quad- 
rature wavelength plate (GWP) 7 and then it is incident upon an asphetic two-group objective lens 20 which will focus 
the laser light on the information recording surface of the optical disc 1 . A part of the laser output from the semiconduc- 
tor laser 3 is reflected by the beam splitter 6 and led to a laser power monitoring detector 9 through a condenser lens 
8. The reflected light from the optical disc 1 (namely, reproduced signal) is reflected by the beam splitter 6 and led to 

so the detection light path while a part of the reflected light is reflected by a beam splitter 1 1 , passed through a condenser 
lens 1 2 and cylindrical lens 1 3 and incident upon a servo signal detector 1 4 where it is converted to a current while the 
rest of the reflected light from the optical disc 1 is passed through lenses 15 and 16 and incident upon an RF signal 
detector 1 7 where it is converted to a current. In the optical head 10, the astigmatism is used to generate a focus error 
signal and also the differential pushpull method is used to generate a tracking error signal. In this embodiment, the two 

ss signal detectors 1 4 and 1 7 are used to detect servo error signal and reproduced RF signal, respectively. However, these 
signals can also be detected by a single detector. 

[0016] As shown in FIG. 3, the aspheric two-group objective lens unit 20 includes a first electromagnetic actuator 22 
to drive a first lens 21 , and a second electromagnetic actuator 24 to drive a second lens 23. The second electromag- 
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netic actuator 24 is movable in the optical-axial and tracking directions. The second lens 23 is mounted on the second 
electromagnetic actuator 24. The second lens 23 has an NA of about 0.5. The first lens 21 is provided above the second 
lens 23 and mounted on the first electromagnetic actuator 22 independent of the second electromagnetic actuator 23. 
The first lens 21 can be positioned on the optical axis. 
5 [001 7] The first lens 21 is movable together with the second lens 23 in the tracking direction to follow up with the track- 
ing servo control. A light beam from the semiconductor laser 3 is passed through these two objective lenses 23 and 21 
by which it is focused on the phase-change information recording surface of the optical disc 1 . The effective NA of the 
two-group objective lenses 23 and 21 is about 0.85. 

[0018] As the NA of the objective lenses increases, the skew tolerance of ordinary optical disc drive decreases. The 
10 wave front aberration due to disc skew (in X direction) can be represented using a Saidei's polynominal expression as 
follows: 

W(x f y) = W^x 2 + W 31 x(x 2 + y 2 ) + W 51 x(x 2 + y 2 ) 2 

is where W 22 : Astigmatism, W 31 : Next coma and W 51 : Quinary coma. Of these terms, the most dominant one W 31 can 
be given in the following expression: • 

W 31 ={n 2 -1)n 2 sin9cose/2(n 2 .sin 2 e) 2y5 -tNA 3 /X 

20 where n : refractive index of the disc substrate and t : Disc substrate thickness. When the skew angle is as small as less 
than 1°, the refractive index n is approximately a cube of the NA and proportional to the disc substrate thickness t 
[0019] Therefore, for the optical disc drive using the aspherical two-group objective lenses 23 and 21 whose MA is 
about 0.85, the disc substrate must be as thin as about 0.1 mm to assure a same skew tolerance as that of DVD-RAM. 
[0020] On the other hand, to form a phase-change recording medium on the disc substrate, a first dielectric layer 

25 (ZnS-Si0 2 ), recording layer (Ge 2 Sb 2 Te5), second dielectric layer (ZnS-SiOa) and a aluminum reflective layer are formed 
In this order on a disc substrate. However, it is difficult to form the above layers on a disc substrate of 0.1 mm in thick- 
ness on which addresses and sector marks have been pre-formatted by embossing. To solve this problem, the optical 
disc 1 for use with the phase-change optical disc drive according to an embodiment of the present invention is produced 
by providing an aluminum reflective layer 1B, second dielectric layer 1C (ZnS-SiO^a, recording layer 1 D (Ge 2 Sb 2 Te 5 ), 

so first dielectric layer 1 E (ZnS-Si0 2 ) and Finally a disc protective layer 1 F of 0.1 mm in thickness on a pre-formatted disc 
substrate 1 A of 1.2 mm In thickness, as shown in FIG. 4. The order of forming the layers is opposite to that in production 
of the conventional optical disc. 

[0021] The recording pulse generation circuit 30 generates recording signals Data 1 , Data 2 and Data 3 for generation 
of light pulses and an output control signal Data 3'. 
35 [0022] More particularly, the recording pulse generation circuit 30 comprises a recording signal generation circuit 31 
as shown in FIG. 5. The recording signal generation circuit 31 generates five kinds of recording signals including the 
above recording signal Data 1, NRZI (No Return to Zero Inverse) pulse enable signal, leading pulse enable signal, 
pulse train enable signal, and trailing pulse enable signal. 

[0023] The recording signal generation circuit 31 is switched between recording and reproduction modes by a CPU 
40 (not shown). When in the recording mode, this recording signal generation circuit 31 generates the above-mentioned 
five recording signals based on, for example, a 100-MHz master clock shown in FIG. 6(A) and NRZI signal shown in 
FIG. 6(B). The circuit 31 further comprises a channel clock sync pattern detection circuit 31a which judges, based on 
the NRZI signal, the length of the recording marks 3T to 1 1T, adjusts the delay time of each of variable delay elements 
34, 37, 40 and 42 and thus determines a width of each pulse. The channel clock sync pattern detection circuit 31 a sim- 
45 ilarly adjusts the delay time of each of variable delay elements 32, 35, 38 and 43 according to the judged recording mark 
length and thus sets a position of each pulse. The recording signal generation circuit 31 supplies the recording signal 
Data 1 to the variable delay element 32, NRZI pulse enable signal to a D flip-flop 33 and variable delay element 34, 
leading pulse enable signal to a D flip-flop 37 and variable delay element 37, pulse train enable signal to a D flip-flop 
39, and the trailing pulse enable signal to a D flip-flop 41 and variable delay element 42. 
so [0024] The variable delay element 32 delays the recording signal Data 1 a predetermined time and supplies it to the 
recording output control circuit 50. The recording signal Data 1 is a logic signal which is at H (high) level when the 
recorcfing signal generation circuit 31 is in the recording or reproduction mode, and at L (low) level when no laser output 
is existent, as shown in FIG. 6(C). 

[0025] Receiving the NRZI pulse enable signal from the variable delay element 34 as a reset signal, the D flip-flop 33 
55 clears the NRZI pulse enable signal from the recording signal generation circuit 31 and supplies it to the variable delay 
element 35 which will delay the NRZI pulse enable signal a predetermined time and supplies it as an output control sig- 
nal Data 3' (NRZI pulse) to an OR gate 45 and recording output control circuit 50. The output control signal Data 3\ 
namely, the NRZI pulse, is the NRZI signal in FIG. 6(B) delayed a predetermined time as shown in FIGS. 6(F) and 6(G). 
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When the NR2I pulse length is 2T, 3T or 8T ( its width is 2T NRZ |p W 3T NRZIPW or 8T NRZ]PW respectively, which is deter- 
mined by the variable delay element 34. The rise time of the NZRI pulse is delayed 2T NRZ , PS . 3T NRZ1 p S or 8T NRZIPS 
from the NRZI signal of 2T, 3T or 8T, respectively, which is determined by the variable delay element 35. These NRZI 
pulses are used as output control pulse. 
5 [0026] Receiving the leading pulse enable signal from the variable delay element 37 as a reset signal, the D flip-flop 
36 clears the leading pulse enable signal from the recording signal generation circuit 31 and supplies it to the variable 
delay element 38 which will delay the leading pulse enable signal a predetermined time and supplies it to an OR gate 
44. 

[0027] Receiving the master clock from the variable delay element 40 as a reset signal, the D flip-flop 39 clears the 
10 pulse train enable signal from the recording signal generation circuit 31 and supplies it to the OR gate 44. The variable 
delay element 40 will delay the master clock from the recording signal generation circuit 31a predetermined time and 
supplies it to the D flip-flop 39. 

[0028] Receiving the trailing pulse enable signal from the variable delay element 42 as a reset signal, the D flip-flop 
41 clears the trailing pulse enable signal from the recording signal generation circuit 31 and supplies it to the variable 
is delay element 43 which will delay the trailing pulse enable signal a predetermined time and supplies it to the OR gate 
44. 

[0029] The OR gate 44 provides a logical sum of the pulses as the recording signal Data 3 and supplies it to the OR 
gate 45 and recording output control circuit 50. The recording signal Data 3 consists of a leading pulse, a train of n - 1 
pulses and a trailing pulse for a recording mark having a length nT (n : integer from 2 to 8 and T : channel clock width). 
20 as shown in FIG. 6(E). Mote that for a recording mark having a length 2T, the recording signal Data 3 consists only of 
the leading pulse. 

[0030] The OR gate 45 provides a logical sum of an inverted pulse of the output control signal Data 3* and the record- 
ing signal Data 3, and supplies it as a recording signal Data 2 to the recording output control circuit 50. The recording 
signal Data 2 is as shown in FIG. 6(D). 
26 [0031 ] When supplied with the recording signals Data 1 , Data 2 and Data 3 via the recording output control circuit 50, 
the semiconductor laser drive circuit 70 drives the semiconductor laser 3 to generate a laser light according to the multi- 
pulse shown in FIG. 6(H). 

[0032] The aforementioned construction of the recording pulse generation circuit 30 is just an example, and it may be 
configured otherwise if it can generate the recording signals Data 1 , Data 2 and Data 3 and the output control signal 

30 Data 3' shown in FIGS. 6(C) to 6(F). 

[0033] As shown in FIG. 7, the recording output control circuit 50 comprises a photoelectric transducer circuit 51 which 
transduces a current detected by the laser power monitoring detector 9 shown in FIG. 2 to a voltage to provide a LD 
control signal LDC, sample and hold circuits 52, 53 and 54 which sample and hold the LD control signal LDC, APC cir- 
cuit 55 to control the signal level of the LD control signal LDC, delay elements 56 and 57 to delay a predetermined sig- 

36 nal, sampled and held pulse select circuit 58 (will be referred to as "S&H select circuit" hereinbelow) which selects and 
provides a sampled and held pulse from the predetermined signal, data selector 59 which selects a desired one of the 
recording signals Data 1 to output control signal Data 3' and supplies it to the semiconductor laser drive circuit 70, and 
a CPU (Central Processing Unit) 60 which controls the above circuits. 

[0034] The photoelectric transducer circuit 51 supplies the sample and hold circuits 52, 53 and 54 with an LD control 
40 signal LDC obtained through the photoelectric transduction. The LD control signal LDC is detected a multi-pulse output 
obtained by the laser power monitoring detector 9. 

[0035] The sample and hold circuits 52, 53 and 54 sample the LD control signal LDC when the sampled and held 
pulse supplied from the S&H select circuit 58 is at H level, and hold the LD control signal LDC when the sampled and 
held pulse is at L level. The sample and hold circuits 52, 53 and 54 supply such LD control signals LDC (LDC 1 , LDC 2 
45 and LDC 3, respectively) to the APC circuit 55. 

[0036] The APC circuit 55 controls the LD control signals LDC 1 , LDC2 and LDC 3 separately to a predetermined 
level and supplies them to the semiconductor laser drive circuit 70. The levels of the LD control signals LDC 1, LDC 2 
and LDC 3 are set by the CPU 60. 

[0037] The LD control signal LDC 1 designates a reproduction power ("read power" in FIG. 6) at the time of data repro- 
so duction and an erasure power ("bias power 1" in FIG. 6) to erase data at the time of data recording. The LD control sig- 
nal LDC 2 designates a cooling power ("bias power 2" in FIG. 6) at the time of data recording. The LD control signal 
LDC 3 designates a peak power ("peak power" in FIG. 6) at the time of data recorcfing. 

[0038] The S&H select circuit 58 provides a predetermined sampling pulse to the sample and hold circuits 52, 53 and 
54 under the control of the CPU 60. The S&H select circuit 58 supplies the sample and hold circuits 52, 53 and 54 with 
ss a L- or H-level sampling pulse, inverts an NRZI signal supplied via the delay element 56 and supplies it to the sample 
and hold circuit 53. and supplies the sample and hold circuit 54 with the output control signal Data 3' (NRZI pulse) sup- 
plied via the delay elements 56 and 57. 

[0039] Under the control of the CPU 60, the data selector 59 selects recording signals Data 1 to output control signal 
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Data 3' and provide them as LD recording signals LD Data 1 to 3 or the LD recording signals LD Data 1 to 3 set to a 
predetermined level. 

[0040] For example, when in the recording power control mode, the data selector 59 provides the recording signal 
Data 1 as LD recording signals LD Data 1 , the LD recording signal LD Data 2 set to H level, and the output control signal 

5 Data 3' as LD recording signal LD Data 3. When in the ordinary recording mode, the data selector 59 provides the 
recorcfing signal Data 1 as LD recording signal LD Data 1, the recording signal Data 2 as LD recording signal LD Data 
2, and the recording signal Data 3 as LD control signal LDC 3 When in the reproduction mode, the data selector 59 pro- 
vides the recording signal Data 1 as LD recording signal LD Data 1 and the recording signal Data 1 as LED recording 
signal LD Data 1 and the LD data signal 2 set to L level. At this time, the data selector 59 will provide no LD control 

10 signal LDC 3. When the semiconductor laser is off, the data selector 59 does not provide the LD recording signals LD 
Data 1 and 3 but provides the LED recording signal LD Data 2 set to L level 

[0041] When in the recording power control mode, the recording output control circuit 50 will adjust the LD control 
signals LDC 1 , LDC 2 and LDC 3 as will be described below. 

[0042] First, the data selector 59 provides the recording signal Data 1 as LD recording signal LD Data 1 and fixes the 
is LD recording signals LD Data 2 and 3 to L level. The S&H select circuit 58 supplies the sample and hold circuit 52 with 
a sampled and held pulse at H level. The sample and hold circuit 52 supplies the APC circuit 55 with the LD control sig- 
nals LDC from the photoelectric transducer circuit 51 . The APC circuit 55 will set the LD control signal LDC 1 from the 
sample and hold circuit 52 to a predetermined level under the control of the CPU 60. After a level is set for the LD control 
signal LDC 1, the S&H circuit 58 supplies the sample and hold circuit 52 at the enable terminal thereof with sampled 
20 and held pulse at L level. Thus, the LD control signal LDC 1 is fixed at L level. 

[0043] Next, the data selector 59 provides the recording signal Data 1 as LD recording signal LD Data 1 and the out- 
put control signal Data 3* as LD recording signal LD Data 3, and fixes the LD recording signal LD Data 2 to H level. The 
S&H select circuit 58 supplies an inverted one of the NRZI signal to the enable terminal of the sample and hold circuit 
53. Therefore, the sample and hold circuit 53 samples an output of the bias power 1 part and supplies it as LD control 
25 signal LDC 2 to the APC circuit 55. Thus, the bias power 1 being a laser power of the multi-pulse is sampled by the sam- 
ple and hold circuit 53 and controlled by the APC circuit 55 as will be discussed later. 

[0044] The S&H select circuit 58 supplies an inverted one of the output control signal Data 3' (NRZI pulse) to the ena- 
ble terminal of the sample and hold circuit 54. Therefore, the sample and hold circuit 54 samples the peak power of the 
multi-pulse and supplies it as LD control signal LDC 3 to the APC circuit 55. That is, the peak power being a laser power 
30 of the multi-pulse is sampled by the sample and hold circuit 54 and controlled by the APC circuit 55 as will be discussed 
later. 

[0045] Since the bias power 2 of the multi-pulse has a same power as the read power, it is controlled based on a 
detected output of the RF signal during reproduction. The time of delay by the delay elements 56 and 57 corresponds 
to the time of delay by the semiconductor laser 3 and laser power monitoring detector 9 shown in FIG. 2. 
35 [0046] The APC circuit 55 sets the LD control signals LDC2 and LDC3 to a predetermined level under the control of 
the CPU 60. The S&H select circuit 58 supplies the sample and hold circuits 53 and 54 with an L-level sampled and 
held pulse and lixes the LD control signals LDC2 and LDC3 to the L level. 

[0047] After the LD control signals LDC1 to LDC3 are set, the recording output control circuit 50 shifts to the ordinary 
recording mode. At this time, the data selector 59 will provide the recording signal Data 1 as LD recording signal LD 
40 Data 1 , the recording signal Data 2 as LD recording signal LD Data 2, and the recording signal Data 3 as LD recording 
signal LD Data 3. 

[0048] As having been described in the foregoing, when in the recording power control mode, the recording output 
control circuit 50 supplies the semiconductor laser drive circuit 70 with the NRZI pulse shown in FIG. 6(G) as LD record- 
ing signal LD Data 3, the semiconductor laser 3 is caused to generate a light beam according to the NRZI pulse. The 

45 recording output control circuit 50 samples and holds, according to the NRZI pulse, a peak power of a light beam 
detected by the laser power monitoring detector 9, so it is possible to control the laser beam power even for a murti- 
pulse of less than 10 ns in width. After completion of this light beam power control, data is recorded. 
[0049] As shown in FIG. 8, the semiconductor laser drive circuit 70 comprises three current sources 71 , 72 and 73 to 
supply a drive current to the semiconductor laser 3. In the semiconductor laser drive circuit 70, the current sources 71 , 

so 72 and 73 are selectively controlled according to three kinds of LD recording signals LD Data 1 to 3 supplied from the 
recording output control circuit 50 and LD control signals LDC1 to LDC 3 corresponding to the LD recording signals to 
form a fight waveform for the semiconductor laser 3. 

[0050] The LD control signal LDC 1 controls the operation of the first current source 71 , the LD control signal LDC 2 
controls the operation of the second current source 72 and the LD control signal LDC 3 controls the operation of the 
ss third current source 73. Each of the LD control signals LDC is set to a predetermined value by the recording output con- 
trol circuit 50, so that each of the currents from the first to third current sources 71 to 73 are set to a constant value. The 
semiconductor laser drive circuit 70 drives the semiconductor laser 3 to generate a multi-pulse according to the LD 
recording signals LD Data 1 to LD Data 3. 
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[0051] As having been described in the foregoing, the phase-change optical disc drive according to an embocfiment 
of the present invention can sample and hold a peak power of a light beam detected by the laser power monitoring 
detector 9 according to the NRZI pulse when in the recording power control mode even for data recording at a user 
transfer rate higher than 30 Mbps, thereby controlling the laser power. Therefore, even during data recording in which 
5 the laser power may possibly vary under the influence of the return light from the optical disc 1 , it is possible to stably 
control the peak power, bias power 1 and bias power 2 of the multi-pulse. 

[0052] To implement an example of the present invention, a recording output sampling area is provided on the optical 
disc 1 to control each output of the multi-pulse by generating an appropriate NRZI pulse (for example, repetition of a 3T 
pattern). 

w [0053] However, the above recording output sampling area may also be buried in an ordinary recorded data to set 
and control a recording power without any special area provided on the optical disc 1 . In this case, the multi-pulse and 
NRZI pulse are different from each other in the rates at which the optical disc 1 is heated or cooled. For aligning the 
leading and trailing edges of a recording mark with each other between the heating and cooling, appropriate methods 
of temperature compensation are available. The phase-change optical disc drive according to an embodiment of the 

15 present invention can control the pulse width to a predetermined value by the variable delay elements 34, 37, 40 and 
42, respectively, and also the pulse position to a predetermined position by the variable delay elements 32, 35, 38 and 
43 , respectively. Namely, since the pulse width and laser irradiation position of the NRZI pulse and multi-pulse can be 
controlled correspondingly to recording marks 2T to 8T, respectively, the leading and trailing edges of the recording 
marks can be accurately controlled. That is, the quality of a reproduced signal will not be deteriorated. 

20 [0054] It should be noted that the present invention is not limited only to the embodiment having been described in 
the foregoing. For example, the NRZI pulse is used as output control signal, but it may be a pulse having a larger width 
than the multi-pulse. Also, an embodiment of the present invention may easily be built along with a wider-band and high- 
speed APC circuit in a large scale integrated circuit, thereby permitting to design a more compact circuit. 
[0055] As having been discussed in the foregoing, the recording/reproducing apparatus and method for a phase- 

25 change optical disc can control the multi -pulse power even at a high transfer rate by generating an output control pulse 
having a larger width than the multi-pulse when in the power control mode, causes the semiconductor laser to generate 
a light pulse according to the output control pulse, samples and holds the laser power detected by the detecting means 
according to the output control pulse and controlling the laser power of the semiconductor laser so that the sampled 
and held laser power has a predetermined value. 

30 

Claims 

1 . A phase-change optical disc drive in which a data of nT in pulse width is recorded with a multi-pulse generated from 
a semiconductor laser, including a number (n-1) of pulses and which shifts at a minimum of three, comprising: 

35 

means for detecting a laser power of the semiconductor laser; and 

means for generating, when in a power control mode, an output control pulse larger in pulse width than the 
multi-pulse to drive the semiconductor laser to generate a light pulse based on the output control pulse, sam- 
40 pling and holding, based on the output control pulse, the laser power detected by the detecting means, and 

controlling the laser power of the semiconductor laser so that the sampled and held laser power has a prede- 
termined value. 

2. The phase-change optical disc drive as set forth in claim 1 , wherein the semiconductor laser generates NRZI pulse 
45 as the output control pulse. 

3. The phase-change optical disc drive as set forth In claim 1 , wherein the semiconductor laser sets the leading edge 
and width of the output control pulse according to the length of a mark to be recorded. 

so 4. The phase-change optical disc drive as set forth in claim 1 , wherein the semiconductor laser generates the output 
control pulse at a different timing from the leading edge of the multi-pulse. 

5. A method of recording a data of nT in pulse width with a multi-pulse generated from a semiconductor laser, includ- 
ing a number (n-1) of pulses and which shifts at a minimum of three levels, comprising the steps of: 

55 

generating, when in a power control mode, an output control pulse larger in pulse width than the multi -pulse; 
driving the semiconductor laser to generate a light pulse based on the output control pulse; 
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detecting a laser power of the semiconductor laser; 
sampling and holding the detected laser power; and 

5 controlling the laser power of the semiconductor laser so that the sampled and held laser power has a prede- 

termined value. 

6. The method as set forth in claim 5, wherein NR2I pulse is generated as the output control pulse. 

w 7. The method as set forth in claim 5. wherein there is generated an output pulse whose leading edge and width are 
set according to the length of a mark to be recorded. 

8. The method as set forth in claim 5, wherein the output control pulse is generated at a different timing from the lead- 
ing edge of the multi-pulse. 

15 



20 



25 



35 



SO 



55 



8 



EP 0 933 759 A2 




9 



EP 0 933 759 A2 




SEMICONDUCTOR 
LASER DRIVE 
CIRCUIT 



RECORDING 
OUTPUT CONTROL 
CIRCUIT 



RECORDING 
PULSE GENERATION 
CIRCUIT 



70 



■50 



30 



FIG.2 



10 



EP0 933 759 A2 




EP 0 933 759 A2 




FIG.4 



12 



EP 0 933 759 A2 



< 
a 



Q 



a 



CO 



III 

z 

111 

a 



1/ 



CO 



o 



CO 



CO T 

co\ r L 

N UJ 



a. 
O 
«j 
u. 

a. 

2 

Q 



CO 
CD 



55 



O 
—I 
u. 

-j 
u. 

o 



UJ 



UJ 
-4 

m 
< 

UJ 
UJ 
CO 



z 



Ul 

-J 

CD 
< 

z 

UJ 
Ul 
CO 



Q 

z 
< 



CO 



CO 



col 



CO 



UJ 



UJ 

z 

□ 
> 

Ul 
Q 



UJ 

-J 

CD 
< 

z 

Ul 

z 
< 



UJ 
CO 



UJ 

z 
-I 

>» 

UJ 
Q 



CD 
< 
Z 
UJ 
UJ 
CO 

-I 
a. 

a 
z 
g 
< 



UJ 



> 
UJ 

a 



CO 
3 

a 

cvj < 

UJ 

a 



CO 



m 
< 
z 

UJ 
0. 

I 
u 

UJ 

z 



UJ 
Q 



5 o 
S-igtr 

SS< 5 

ogg £ 

en 0 



CO 
CO 



g 3 <ga 



CO 



TTT 

UJ 

_ * Q 

s g i 

Z d q 



13 



EP 0 933 759 A2 



READ 



WRITE 



FIG.6A 

FIG.6B 
FIG.6C 
FIG.6D 
FIG.6E 

FIG.6F 
FIG.6G 



FIG.6H 



CLOCK _ 



NRZ1 SIGNAL 



2T 3T 8T 



DATA 1 
DATA 2 
DATA 3 

DATA 3' 



PEAK . 
POWER 



NRZI PULSE 

BIAS 
POWER 



REAb POWER 



PEAK 
POWER — 

MULT1 PULSE 

BIAS 
POWER 1 



READ POWER 



n 



2TNRZ1PW 



fl 



2T N RZIPS 



LEADING 
PULSE 

I I I 
2TLPW 



n 



rjti 

r 



3TNRZIPW 



3TNR21PS 



LEADING TRAILIN3 
PULSE PULSE 



I I 
3T L pw 



41 

2TU»S 



BIAS 
POWER 2 



3Ttpw 



fl 



3TLPS 



■JJJJU 

rxjjjjjti 



8TNRZJPW 



8T N rzips 

INI 

LEADING I TRAILING 
PULSE PULSE , PULSE 
/III THAIN 



8Tlp W 



(5 



8Tu»s 



TpjW 8TTPW 



BTtps 



14 



EP0 933 759 A2 



LASER 


l-V 






OUTPUT 






S&H 



NRZI 



DATA 1 
DATA 2 
DATA 3 
DATA 3' 



52 



JL 



53 



S&H 



JL 



54 



S&H 



JL 



57 



DELAY 



JL 



56 



DELAY 



JL 



60 



CPU 



JL 



APC 



55 



S&H h~ 5S 
SELECT 



55 



SELECTOR 



LDC 1 



LDC2 



LDC 3 



POWER 
CONTROL 



LD DATA 1 
LD DATA 2 
LD DATA 3 



so 

FIG.7 



15 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within.this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




